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Abstract— An experiment with a specially made microwave
SIW cavity sensor was given. The SIW cavity structure consists of
a microstrip tape on a substrate which is then completely covered
with metallization using conductive textile, without via-holes. The
material under test (MUT) area is a formed rectangular hole in
the SIW structure that has only the bottom metallization. Specific
experiments with water as MUT were tested.
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I. INTRODUCTION

Substrate-integrated waveguide (SIW) microwave sensors
are useful sensors, especially for dielectric materials [1]. Cavity
sensors are one large group [2-9] with different shapes of
sensor areas.

The new SIW cavity structure transforms the microstrip
structure which is completely covered with metallization using
conductive textile, without via-holes. The conductive textile has
a conductive adhesive so that it makes conductive contact with
the microstrip. This avoids the complicated drilling and Fig.3.  SIW cavity, upper side. Conductive textile as metallization.
metallization of via-holes. The problem can be slightly higher
losses than with copper metallization due to the reduced
conductivity of the conductive textile (10°S/m vs 107S/m).
Affordable copper tape with conductive adhesive is much
narrower and more awkward to apply. The idea came from the
work [10] where it was used for half-mode SIW, also without
via-holes. The construction from [10] is shown in Fig. 1. 50 Q
microstrip line, 5 mm wide, on the classical substrate e, = 2.2, h
=1.57 mm.

The specific SIW cavity structure are shown in Fig. 2., Fig. Fig. 4. SIW cavity, down side. Conductive textile as metallization.
3. and Fig. 4. Fig. 2 gives a drawing and the other two are
photographs of the upper and bottom side of the SIW cavity. 0
Cavity is made using a conductive textile with a conductive
adhesive. Measured S-parameters of such SIW cavity are given 104
in Fig. 5. The impact of the conductive textile losses on S,; can =
be seen in Fig. 5 [10]. The Sy, is sharper than S,; so it will be k=1 :
used with the sensor. § 201 So1
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Fig. 1. Half-mode SIW. Conductive textile on the microstrip [10].
Fig. 5. Measured S-parameters of the SIW cavity
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Il. SENSORS STRUCTURE

The material under test (MUT) area is a formed rectangular
hole in the SIW structure that has only the bottom metallization.
The scheme of the structure, position and dimensions of the
hole (grey, 11 mm x 16 mm) is given in Fig. 6. A rectangular
hole is formed by cutting through the entire substrate and a
section of the conductive textile above. The upper and bottom
part of the structure is presented in Fig. 7 and Fig. 8
respectively. The metallization coating in the pictures is, as
previously stated, a conductive textile with conductive adhesive

[10].

w05

Fig. 6. Drawing of SIW cavity with the hole (grey) dimensions.

Fig. 7. Upper part of the structure with a hole for the MUT

Fig. 8. Bottom part of the structure

I1l. MEASUREMENT

The measurement of S;; was started from an empty dry
hole, i.e. air. Then water was added drop by drop. A
micropipette was used to control the water drop. The drops
were applied continuously. After filling the hole, the water rises
due to the surface tension and forms a hill above the hole, Fig.
9. This greatly affects the electric field lines because water has
a high dielectric constant, close to 80, [11]. The dependence of
S11 on the number of water droplets is given in Fig. 10 and Fig.
11 respectively.
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The first harmonics for no water, three and five drops can
be seen in the graph. The other first harmonics are suppressed
below 3.5 GHz, as in Fig. 10, analogous to Fig. 5. For the
second harmonics, only the case of 7 drops is seen. Therefore,
values greater than 4.5 GHz are valid for measurement as the
third harmonics, Fig. 11. We will start from the third harmonic
for no water at around 7.5 GHz. Thus, in order, we can follow
each graph associated with the number of drops. Around 9
drops, the result corresponds to a hole filled with water, and
after that a hill of water is formed as in Fig. 9. For 12, 15 and
18 drops the water hill is high enough that it can be said to
close all the lines of the field from the hole. The resonant
frequency is fixed.
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Fig. 10. Sy; on the number of water droplets
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Fig. 11. Sy; on the number of water droplets, narrower frequency range



The dependence of the used resonant frequency on the
number of water drops is given in Fig. 12. You can see the
linearity while the hole is being filled, as well as the saturation
when the water hill forms over the hole even before the spill.
Around 9 drops, the result corresponds to a hole filled with
water. The sensor can be used as a water or other liquid filling
detector.

A small error can occur due to an error of up to one drop in
counting. A disadvantage may be the avoidance of liquids that
can affect the adhesion of conductive textiles.
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Fig. 12. Dependence of the measured resonant frequency
on the number of droplets

IV. CONCLUSION

A specific water sensor with SIW cavity is provided. The
sensor was made using the possibility of modifying the
microstrip structure by covering it with a conductive textile.
The response to a discrete number of water drops and when the
response goes into saturation was monitored. This is only a
preliminary and the possibility of such a sensor and the specific
problems of water detection. This includes the surface tension
that conditions the appearance of hills of water above the
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measurement hole and additional influence on the field lines
and thus on the measurement.

The future includes detailed simulation of harmonics and
comparison with measurements especially in the case of water
hill above the hole.
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